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In 1973, Michigan cattle feed was accidentally contaminated with polybrominated biphenyls (PBB) and subsequently PBB has been found in the serum, body fat, and breast milk of most Michigan residents.
Because of numerous complaints of ill health, a survey of Michigan farm children, the most heavily exposed group, was undertaken in 1976 to determine the nature and scope of the problem.
Examination of the data from 292 Michigan children showed that the prevalence of symptoms was related to the quarantine status of the farm and to the method of invitation into the study. Serum PBB levels were related to the quarantine status of the farm but not to the method of invitation into the study. No significant effects of age or sex were found on the prevalence of symptoms or serum PBB levels, except that the teenage (13) (14) (15) (16) males had somewhat higher PBB levels. Despite the frequent reporting of symptoms of ill health, physical examination failed to reveal any objective alterations that could be attributed to PBB. The most striking finding has been a statistically significant negative correlation between the prevalence of symptoms and the serum-PBB levels. So far, the reason for this negative correlation is unexplained.
INTRODUCTION
In 1973, polybrominated biphenyls (PBBs), a flame retardant, were accidentally mixed in cattle feed in Michigan (Carter, 1976; Kay, 1977) . This set off an environmental contamination that reached the human population through its consumption of meat and milk from exposed herds. Although some data on toxicity of the chemically similar polychlorinated biphenyls (PCBs) had accumulated (Higuchi, 1976) , at the time of the incident there was virtually no information on toxicity of PBBs. Because the PBBs appeared to be toxic to cattle (Jackson and Halbert, 1974) , widespread concern developed about toxicity to humans and, in 1974-75, many claims of health problems among members of farm families began to surface. In November 1976, 40 months after the introduction of PBBs into the food chain, a health survey of Michigan farm families was undertaken. Preliminary analysis of some of the pediatric data from that study and reports of many of the findings in adults have been published elsewhere (Barr, 1978; Lilis ef al., 1978; Valciukas et al., 1978; Anderson et al., 1978) . This paper is concerned with the symptoms reported for 1976 (only), the findings on physical examination and serum-PBB levels in the children studied. This paper is being published not only to disseminate the results of the study but also to expose the study as a model for future studies of similar nature and to help other investigators avoid some of the pitfalls encountered.
STUDY METHODS
All Michigan children were examined November [4] [5] [6] [7] [8] [9] [10] 1976 ; and all Wisconsin children were examined March 25-26, 1977 . Four examining physicians were used: three physicians (MB, GG, WR) examined children in Michigan and two (MB, MC) in Wisconsin. Attempts were made to adopt a standard terminology and consistency of method to reduce interobserver variability. Uncertainties in the physical examinations were checked by the senior pediatrician (MB). Prior to the physical examination, the parents of each child were asked to fill out a symptom review and to indicate whether or not the child had had any of a list of 75 symptoms (Table 1) . If the symptom had been present, they were asked to indicate in which year (s), 1972-1976 , the problem had occurred. Questions were also asked about the incidence of serious illness, hospitalizations, surgery, and accidents. Much additional historical information was collected at the time of the study; but, since that data will not be covered in this report, it is not itemized here.
At the time of examination, the questionnaire was reviewed by the physician and all positive responses were clarified by further questioning of the parent ' A farm was quarantined if the meat or milk produced contained 0.3 ppm or more of PBB (fat basio). and/or child. One of three codes was assigned to each positive response: (1) symptom apparently presented as a new complaint in the interval 1973-76; (2) symptom apparently present but dating from 1972 or before; and (3) symptom apparently not present as determined after further questioning.' Of the original list of 75 symptoms presented to the parents, 14 were either combined with others on the list because of significant overlap (e.g., runny nose and colds) or dropped for want of positive responses (e.g., blood pressure problems, heart murmurs). Two other items, dental caries and acne, are treated here as physical findings rather than symptoms.
On completion of the history review, a general physical examination (excluding funduscopic, rectal, and vaginal exams) was performed; the results were rerorded on a physical-exam checklist. Children with abnormalities on physical examination or histories suggestive of particular illness were referred to their physicians for follow-up evaluation and treatment.
Laboratory studies included determination of serum PBB, in addition to other studies not reported here. Not all children had blood drawn for serum PBB; some parents, particularly of very young children, declined to have this done. The collection and analysis of serum PBB by electron-capture gas chromatography has been described by Wolff rt al. (1978a) . ' For example. if the parent had checked the item "frequent colds" but the child had four or fewer colds in the year. the response was disallowed.
The data reported in this study were analyzed for the effects of several variables including: sex, age, method of invitation into the study, quarantine status of the farm, total number of symptoms reported and "verified" for 1976, and serum-PBB level. Several factors entered into the decision to deal with the symptoms reported for 1976 only: major sources of PBB were apparently removed from the diet only by 1975; symptom data for the 1972-1976 interval showed a relative plateau between 1975 and 1976; accuracy of recall is questionable, particularly over a 4-year period; and the physical examinations and serum-PBB levels were done in 1976. Comparison of the prevalence of the various symptoms among Michigan and Wisconsin children for the entire 1972-76 study period has been previously reported (Barr, 1978) .
Total-symptom counts are used in this report. They are taken only to represent a crude measure of the parents' perception of the child's state of health. No distinction is made among the various symptoms as to relative importance or severity.
The symptom data and serum-PBB levels were not normally distributed. Because the variances of the PBBs and symptoms (S + 1) were generally proportional to the squares of the means of the various subgroupings analyzed, these data were log transformed to minimize the distortion of the means by the relatively fewer high serum-PBB levels and high total-symptom counts. Prevalence data were compared by xZ analysis. Differences between means were tested by t tests, and differences among means were tested by analysis of variance.
RESULTS
In a preliminary analysis of the data, it was found that Michigan parents reported a much higher prevalence of a wide variety of symptoms in their children than did Wisconsin parents (Barr, 1978) . That analysis covered the prevalence of symptoms over the entire period studied (73-76). The present study considers only those symptoms claimed for the year 1976. Except in a few identified instances, the only data considered are those from 292 children for whom serum-PBB levels were obtained. Two additional children were omitted from the data analysis. One, a 4-year-old girl from a quarantined farm (self-invitation) had a serum PBB of 1625 ppb and complained of four symptoms: frequent colds, anorexia, eye discharge, and otitis during 1976. Because this child's PBB level was of an order of magnitude (+ 3.8 SD units above the mean) higher than the next several children, it was thought to distort the statistics disproportionately:
and, therefore, this case was treated as an outlier and omitted from the calculations. The other child was a 15-year-old girl whose serum PBB was 0.2 ppb and who reported no symptoms during 1976. However, because the records of her farm status and method of invitation into the study were not certain, it was decided to exclude her case from the study rather than misclassify it.
The Michigan and Wisconsin groups were compared for distribution between the sexes and for mean age, and no significant differences were found (Table 2) . Intrafamily correlations have been found for serum-PBB levels (Wolff et al., 1978b) and for symptomatology (unpublished data) . The mean number of children per family studied did not differ significantly among the various groupings of the data employed here (e.g., Q, NQ: R, S, F, C, etc.). So, the entire population studied was treated as individuals, and family units were ignored. The mean number of children per family was 2.5 (range 1-7) for the Michigan group and 2.6 (range 1-7) for the Wisconsin group. The prevalence of symptoms among Michigan children as measured by totalsymptom count showed no significant differences in association with either age or sex (Table 3 ). The mean serum-PBB levels tended to be higher among males than among females in all age groups, but the difference was statistically significant (P < 0.05) only for the teenage (13-16) group (Table 4) . Children in the 5 to S-year range had significantly higher mean PBB levels than did children of other ages; this was true for both males and females (Table 4) .
Both farm-quarantine status (Q, NQ) and method of invitation into the study (R, S, F, H, C) had effects associated with the prevalence of symptoms. As anticipated, those who entered the study by self-referral (S) complained of more symptoms regardless of the quarantine status of the farm (Table 5 ). Both groups (QS, NQS) had significantly more complaints than did the Wisconsin children. When the data were pooled and when the quarantine status of the farm was disregarded, self-invited children had about twice as many complaints as did other study participants (P ;C 0.001).
Children from the highly contaminated farms (H) had the fewest complaints. In I' Geometric mean +SD *P < 0.5.
-SD (number of children).
** Significantly higher than means for other age groups, P < 0.5. fact, they had significantly fewer complaints than did the non-PBB-exposed Wisconsin children. Children from randomly selected farms (R) showed no differences in mean number of symptoms associated with the quarantine status of the farm and neither subgroup (QR, NQR) was significantly different from the Wisconsin children (Table 5) . MASON BARR, JR.
In the case of serum-PBB levels, the method of invitation into the study appeared to have little bearing. For those children from quarantined farms, there were no significant differences (P > 0.10) among the various invitation-method groups. For those from the nonquarantined farms, the differences among the mean PBB levels, by invitation method, were significant (NQR > NQS > NQF, P < 0.005). However, when just the invitation method was compared (i.e., R vs S vs F), the differences among the means were not significant (P > 0.10) although the trend (R > S > F) was again seen (Table 5) .
The quarantine status of the farm, either as residence or source of food, had a marked bearing on the serum-PBB level. Children from Q farms had higher PBBs than did those from NQ farms. This was true within each invitation group (R, S, F) and within the consumer (C) group. In each case, the differences, Q vs NQ, were significantly different (Table 5) .
When the children were grouped by serum-PBB intervals, the mean age for each interval was virtually identical except for those with the highest PBB levels who were younger (Table 6 ). This was due to the significant excess of children in the 5-to 8-year age group among those with serum PBB levels above 10 ppb (Table 4) . The mean age of children with no serum-PBB determinations was very much lower than the rest because samples were not taken from many of the youngest children by parental request. There were no significant differences in sex distribution among the PBB-interval groups. The majority of children with low PBB levels had a food source from a nonquarantined farm, and a majority of those with higher PBB levels had a food source from a quarantined farm (Table 6) .
As the level of serum PBB increased, the mean number of reported symptoms decreased (Table 6 ). Such a phenomenon was suggested from the data in Table 5 . In that table, there is seen a reversal of the mean number of symptoms versus the mean serum PBB in the quarantined group as contrasted with the nonquarantined group. If the basis of the classification is reversed, i.e., the children are grouped by the number of symptoms reported, the same negative correlation with serum PBB is found (Table 7) . Among the Wisconsin sample, 95% of the children were reported to have five or fewer symptoms in 1976. If this is accepted as the "normal" experience, then attention should be directed to those Michigan children with six or more reported symptoms. Considering just those children with five or fewer symptoms, the differences in mean serum PBB are not striking. However, in the presence of six or more symptoms, the negative correlation is more marked.
Of the 59 symptoms analyzed, there was a pronounced tendency for those children with the symptom to have lower mean serum PBB than those without the symptom (Table 8 ). In the case of 35 symptoms, the differences in mean serum PBB were statistically significant, and the differences were of borderline significance for 4 other symptoms. In each case, the mean serum PBB was lower for children with the symptom. In only three instances were the mean serum PBBs of the children with a symptom higher than those without the symptom (pneumonia, urinary tract infection, and bedwetting), and in no case were the probabilities of significance less than 30%.
The positive physical findings are summarized in Table 9 . This listing excludes minor skin abnormalities (nevi, hemangiomata, etc.), surgical scars, minor posi- F. Insufficient positive responses for meaningful analysis: Bedwetting (over 4 years old. 8). hay fever/allergies (7), blood in feces (7), bronchitis (6). urinary tract infection (6). photosensitivity (5), boils (5), pneumonitis (4), tachycardia (4). slow height gain (3). +SD I' Geometric mean __ -SD tional deviations of the extremities, and signs clearly due to trauma. There were no statistically significant differences in the prevalence of findings between the Michigan and Wisconsin children. Nor were there any significant associations, positive or negative, between abnormalities and serum-PBB levels among the Michigan children.
The finding of tenderness to pressure over the extremities was restricted to the Michigan children, but the difference in prevalence is not statistically significant (x2 2.132, P > 0.10). Since the tenderness was found in various locations in the arms and legs, it is difficult to regard the observations as significant. Another finding restricted to the Michigan children was dystrophy of the nails, but again the difference in prevalence was not statistically significant. Also, the form of changes in the nails varied from thin and brittle to thick and rough, so the term dystrophic nails is not to be taken as a description of a specific entity. The livers of 16 children (15M, 1W) were palpated l-3 cm below the costal margin. Except in the case of 1 child with definite hepatosplenomegaly and suspected ventricular septal defect, all of the livers were thought to be of normal size, and most of the livers palpated below the costal margin were found in children less than 3 years old.
Abnormalities on neurological examination were infrequent, and no common pattern of abnormality was found. The abnormalities included: mild athetosis (2W), intention tremor (1 W), minimal or absent associated arm swing with ambulation (2W), hyperkinesis (2M), depression (lM), abnormal Romberg test (2M), chronic anxiety state (IM), and sensorineural hearing loss (hereditary, 2M). The blood pressures of four Michigan children were persistently elevated (systolic > 140 mm Hg: diastolic > 100 mm Hg). In only one case was the elevation thought to be significant: the others were systolic elevations most likely due to anxiety.
Because acne is an age-related condition and because the halogenated hydrocarbons are known to produce chloracne, special attention was directed to those children with acne. The earliest age at which acne was found was 10 years in the Michigan sample and 11 years in the Wisconsin sample. The prevalence of acne was not significantly different among the lo-to 1 l-year-old Michigan children (15.6 vs 27.3% x9 0.015) or among the lo-to 16-year-old Michigan children (36.2 vs 41.9% x') 0.260) than among their Wisconsin counterparts. It was found that the Michigan 10 to I1 year olds with acne had a significantly higher mean serum PBB (7.41 ppb) than the 10 to 11 year olds without acne (2.30 ppb) (t 2.609, 43 df; P < 0.02). However, considering the entire sample of children at risk for acne, the mean serum PBB of those with acne (2.90 ppb) was not significantly different from those without acne (2.59 ppb). None of the children examined was found to have chloracne: all appeared to have the ordinary inflammatory variety of adolescent acne.
In the case of active dental caries, there was no significant difference in prevalence between the Michigan and Wisconsin children (x' 0.002). Among the Michigan children, those with unrepaired caries had a significantly lower mean serum PBB (1.61 vs 3.69 ppb, t 2.629, 290&, P < 0.01) and were significantly more likely to have a nonquarantined farm as a food source (13.4 vs 6.2%. x' 4.333, P < 0.05) than those with no active caries. Whether these relationships are similar to the inverse correlation of PBB with symptoms or are only an effect of variation in health-care patterns is not certain.
DISCUSSION
Political and social implications of the PBB incident make it necessary to state that the results of this study do not indicate that PBBs are beneficial. There is no evidence whatsoever that Michigan children contaminated with PBBs are better off than the unexposed Wisconsin children. The question is whether the Michigan children are worse off for their exposure.
It must be emphasized that this study was performed 3 years after the onset of exposure. Neither the actual time of onset nor the duration of exposure have been determined for any of the children. However, it is reasonably estimated that significant exposure had ceased about 9-12 months before the study and the assumption is made that this interval allowed equilibration of PBB storage to take place. Although PBB has been shown to be hepatotoxic (Aftosmis et al., 1972) , no significant abnormalities of liver functions could be demonstrated among a sampling of the teenagers (unpublished data). This would indicate that either no liver damage was produced or that sufficient time had elapsed to allow for repair of acute damage. The half-life of PBB stored in body fat appears to be very long, measured in months or perhaps years, and levels are unlikely to have diminished to any appreciable extent during the interval between exposure and study (Matthews et al., 1977) . Thus, it is assumed that the study is measuring subacute effects of PBB contamination.
Although the data reported here represent a point prevalence study of 1976 symptoms, information was gathered on the prevalence of symptoms over the entire exposure period. It is apparent that the prevalence of symptoms began to rise among the Michigan farm children in 1974 and continued to rise until 1975 (Barr, 1978) . While there was a subjective impression of a decrease in reported symptoms from early to late 1976, the data recorded here are for symptoms occurring at any time in 1976 and these symptoms were not appreciably fewer JI different than those reported to have occurred in 1975. The time-prevalence curves for children from quarantined farms were not demonstrably different from the curves for children from nonquarantined farms. This indicates that a hypothesis of earlier exposure and earlier recovery for quarantined-farm children is not tenable.
Because PBBs are lipotrophic substances, it is presumed that the clinically most important measurement is the body-fat level and calculation of total body burden of PBBs. However, obtaining fat biopsies from children, particularly in such large numbers in the short time available, was thought to be not feasible. Although fat/serum PBB ratios have been found to vary (Brilliant et ul., 1978; Landrigan et ul., 1978; Meester and McCoy, 1976) , there is a reasonably constant relationship that permits some inference about fat levels from knowledge of serum levels. Also it would seem reasonable that fat/blood ratios of PBBs would have stabilized by 1976, at which time the major new sources of PBB had been eliminated from the diets of Michigan residents. Because information is not available on the actual amount of PBBs ingested and absorbed by the study participants, certain answers must be inferred from the data indirectly on the basis of the serum-PBB levels. Another confounding variable is the nature of the chemical. PBB is not a single compound but a mixture of biphenyls with varying degrees of bromine saturation and varying molecular configurations. Each of these isomers differs from others in the mixture in its absorption, metabolism, excretion, and toxicity. Current evidence suggests that the major constituent of the mixture (2,4,5,2',4',5'-hexabromobiphenyl), the constituent that is measured chromatographically, is not the toxic component (Hass er al., 1978) . Furthermore, it has been demonstrated that by passage through cattle prior to consumption by another animal, the toxicity of PBBs is enhanced (Aulerich and Ringer, 1979) . This is presumably due to differential increases in the toxic components either by quantitative reduction of less toxic components or by metabolism of relatively inert forms to toxic metabolites.
The children in this study were not exposed to the original industrial mixture of PBBs but rather to PBBs that had been cycled through cattle, swine, and/or poultry. Presumably, however, all of the Michigan children had been similarly exposed to "recycled" PBBs and there is no N priori reason to suppose that some contaminated beef was more toxic than other contaminated beef other than as determined by the amount of total PBBs present. Thus it is assumed that measurement of the major, albeit relatively nontoxic, component of the PBB mixture provides an accurate basis for comparing the toxic exposures among the children.
It is presumed that a number of the findings of this study reflect the diets of the participants. At the outset, it was expected that farm residents who consumed the contaminated meat and milk from their subsequently quarantined herds would have received the highest doses of PBBs. That this notion was substantially correct is evident from the fact that the serum PBB levels of quarantined-farm children were significantly higher than those of nonquarantined-farm children. Studies in adults have shown that husbands, on the average, have higher serum PBB levels than their wives (Wolff et al., 1978b) This is presumed to be a reflection of the greater quantity of food consumed by the adult male. Among children, the sex differences, with males having the higher levels, were seen at all ages: but the differences were not statistically significant until teenage. This finding would seem to fit well with the concept that food consumption is very similar between the sexes in childhood and diverges toward greater consumption by males during adolescence.
Somewhat puzzling is the finding of significantly higher mean serum-PBB level in the 5-to 8-year-old age group. These children are too old to have been exposed to PBB in utero or, to any significant degree, from ingestion of contaminated breast milk. Nor are 5-8 year olds renowned for large food intake.
If growth rates at the time of presumed exposure are considered, a possible explanation of the higher PBB levels among the 5-8 year olds is apparent. The infants (O-4 years) may be characterized both by their limited exposure (duration and nature of diet) and by their rapid growth. The 5-8 year olds were potentially exposed to PBB-contaminated food during the entire 1973-75 period and their growth rates are relatively slow. The 9-12 year olds also would have received a full exposure but, at least among the older ones of the group, their growth rates are accelerating. The teenagers ( 13 -16 years) are in a phase of rapid growth. Rapid growth requires an increase in food consumption and thus a risk of an absolute increase in the consumption of PBBs. Unless concentration of the contaminant in the food is high enough to sustain saturation of the fat depot, accretion of body mass will dilute the concentration of PBBs in the fat depot, despite the fact that total body content of the contaminant increases. Unfortunately there are insufficient data on the quantitative and qualitative aspects of diet among children of this age to allow anything more than the framing of a very general hypothesis about the relation of growth rates and the accretion-concentration of dietary contaminants. Aside from some relatively minor puzzles, the findings in regard to PBB levels were in line with what had been predicted before the data were gathered. On the other hand, the data regarding symptoms yielded some major surprises. Symptoms are at best an elusive quantity; the investigator can never be really sure that the complaint existed, and in many cases there is no confirming physical evidence, even at the time of the complaint. Additional problems are imposed when it is the parent, not the sufferer, who is claiming the symptom. Symptoms also vary in severity and frequency; and, of course, particular symptoms are of varying significance to the child, parent, and physician, both in regard to discomfort and as indicators of significant ill health.
In this study, an attempt was made to weed out the trivial and incorrect reporting of symptoms and to discount from consideration any symptoms that antedated possible exposure to PBB. A very few parents reported that their children had many symptoms which the examiner felt confident had never truly existed. In most cases, the exclusion of reported symptoms was minor. If the issue was uncertain, to include or exclude, the parents were given the benefit of the doubt and the positive response was included. The most frequent reason for disallowing a reported symptom was a denial by the child of ever having such a complaint. Some inaccuracy in reporting was thought to be due to faulty recall of events and confusion in the larger families over which child had which symptoms.
An opposite problem can occur when a child has had a symptom, but the parent is unaware or denies it. For the latter possibility, the parents were asked to check the item "no" to indicate definitely that the symptom had not been present. Despite this, there is evidence that some denial of symptoms took place. No truly effective way of distinguishing true negatives and false negatives was found.
Of the Michigan children studied, the parents of about one-third appeared to believe that their children's health had gotten worse, while the parents of twothirds thought their children's health had not changed either way between 1972 and 1976 (Barr, 1978) . Although it is not quantifiable and cannot count in the analysis of data, the impression of each of the examiners was of a group of people who were patently honest and sincere in their belief that the health of their children had deteriorated in the 1973-76 interval.
Despite the problems inherent in the symptom data, the total-symptom count appeared to be a relatively accurate portrayal of how the parents perceived the health status of their children. Because it had been expected that, if PBB were harmful to human health, symptoms would be directly correlated with serum-PBB levels, the finding of a statistically significant inverse correlation was puzzling, to say the least. The fact that children with a nonquarantined farm as a food source had appreciably more symptoms than those whose food source was a quarantined farm has been commented on previously (Barr, 1978 serum-PBB determinations were available, it was postulated that residents of quarantined farms might have been warned of eating the contaminated food and, thus, have restricted their PBB intake. In an opposite manner, those from nonquarantined farms, with the assurance from authorities that PBB was not harmful, would have continued to eat food that was contaminated, albeit at lower levels, and continued to add PBBs to their bodies. However, the results of the serum-PBB determinations show that this speculation was not the case, at least to any appreciable extent. Analysis of the data for individual symptoms shows the inverse association between the symptom's presence and serum PBB in virtually every case.
Despite the frequent reporting of symptoms of ill health among the PBBexposed children that were studied, physical examination failed to reveal any objective alterations that could be attributed to PBB. An independent study of 3-to 5-year-old Michigan dairy-farm children by Weil et al. (1977) has confirmed this. Despite the failure to find any physical signs of toxicity, Seagull has reported very disquieting evidence that the performance of PBB-exposed children may be adversely affected (Seagull, 1978) . Children with fat PBBs above 100 ppb performed more poorly on four of five subtests of the McCarthy scales.
The findings of this study in relation to the correlations between symptoms and serum-PBB levels appear to testify against the notion of toxicity. While the evidence that has been presented does not indicate that PBBs are beneficial to health, the almost totally consistent negative relation between symptoms and serum PBB is at odds with a dose-response concept of toxicity. Why there are significant negative correlations between either total-symptom counts or individual symptoms and serum-PBB levels is by no means clear.
The question now is whether this inverse correlation between symptoms and serum PBB has a biological, social, statistical, or epidemiological basis. That question cannot be fully answered yet; but a fuller analysis of the data in hand, now in progress, should help resolve it.
The finding that children from the most highly contaminated farms reported fewer complaints than did the unexposed Wisconsin children suggests that some of those people who knew they were highly exposed may have consciously or unconsciously denied having symptoms. A combined process of denial by those with high serum-PBB levels and overreporting by those with low serum-PBB levels could explain the negative correlation observed between PBB levels and symptoms. However, the vast majority of families studied had no prior knowledge, from testing of their blood orfat, of what their PBB levels were. Therefore, it is difficult to imagine that processes of denial and overreporting of symptoms could have worked effectively enough to produce the consistently negative correlations found.
In the early stages of investigation, it had been postulated that anxiety and social/economic dislocation caused by the contamination, toxicity, and quarantining of the cattle could precipitate an increased prevalence of health complaints. If this were a major factor, it would be expected that residents of quarantined farms, who presumably experienced the most hardship, would report more ill health; such was not the case. Also among consumers, who experienced no social or economic disruption, those who consumed meat/milk from quarantined farms reported fewer symptoms in the face of higher PBB levels than did those who got food from nonquarantined farms. The social and political considerations of the Michigan PBB incident cannot be ignored in the study of potential toxicity. As has been suggested in the case of the Seveso-dioxin incident, measures taken or not taken to control and investigate the contamination may have a very important effect on peoples' perception of their health (Whiteside, 1978) . Factors such as guilt, embarrassment, and disruption of life patterns by governmental agencies may actually foster the denial of symptoms. On the other hand, underattention to exposed people may serve to increase the number of complaints of ill health. It is certainly possible that what has been found thus far is less an effect of PBBs than an effect of the PBB incident.
In the investigation of toxicity, there are considerations other than that of the type of toxicity addressed here. This study has not dealt with the question of more subtle potential effects on growth and performance among exposed children. Nor can it answer questions about long-term effects of PBBs such as a future increase in the incidence of malignancies or a decrease in reproductive performance. These are problems of continuing concern to many PBB-exposed people and their physicians.
